The aim of this study was to evaluate the midterm clinical outcomes after modified high ligation and segmental stripping of small saphenous vein (SSV) varicosities. Methods: Between January 2010 and March 2013, 62 patients (69 legs) with isolated primary small saphenous varicose veins were enrolled in this study. The outcomes measured were reflux in the remaining distal SSV, the recurrence of varicose veins, the improvement of preoperative symptoms, and the rate of postoperative complications. Results: No major complications occurred. No instances of the recurrence of varicose veins at previous stripping sites were noted. Three legs (4.3%) showed reflux in the remaining distal small saphenous veins. The preoperative symptoms were found to have improved in 96.4% of the cases. Conclusion: In the absence of flush ligation of the saphenopopliteal junction, modified high ligation and segmental stripping of small saphenous vein varicosities with preoperative duplex marking is an effective treatment method for reducing postoperative complications and the recurrence of SSV incompetence.
INTRODUCTION
Recently, the popularity of minimally invasive endoluminal treatments, such as endovenous laser ablation (EVLA) and radiofrequency ablation (RFA), for small saphenous vein (SSV) varicosities has increased due to their high success rates and cosmetic benefits. However, endoluminal treatments may require multiple concomitant phlebectomies, which can lead to poor cosmetic results in patients with extensive varicosities.
Additionally, the catheter insertion and advancement involved in EVLA or RFA are very difficult in patients with a smalldiameter SSV. EVLA and RFA may also be costly for the patient, since these procedures are not covered by the Korean national health insurance program. Thus, patients may not enjoy the cosmetic benefits of EVLA and RFA despite their high cost. With this in mind, we attempted to develop a surgical treatment for small saphenous varicose veins that would result in less morbidity and a lower recurrence rate than conventional saphenopopliteal surgery.
Although saphenopopliteal junction (SPJ) ligation and stripping of the SSV have been the standard treatment for varicose veins associated with saphenopopliteal reflux [1] , the clinical outcomes of this procedure are worse than those of great saphenous vein (GSV) surgery [2] [3] [4] [5] . As a result, the surgical approach for SSV varicosities remains controversial and is technically challenging due to anatomical variation, high re- [2] [3] [4] [5] . The role of ligation of the SPJ via formal exposure and the optimal extent of SSV stripping have also been debated. In the current literature, SPJ ligation with extensive stripping of the SSV has been associated with an increased incidence of nerve injury [6] , while SPJ ligation without stripping has been reported to increase the recurrence of varicose veins [7] .
We describe a modified surgical technique for SSV varicosities that minimizes neurologic complications and recurrence. The aim of this study was to explore the clinical outcomes of our modified surgical technique, as reflected by improvement in reflux, the recurrence rate, the complication rate, and improvement in preoperative symptoms.
METHODS
This study was approved by the institutional review board of the National Health Insurance Service Ilsan Hospital (suyon-2014-055).
1) Patients
Between January 2010 and March 2013, a total of 651 pa- 
2) Procedure
Prior to the operation, the range of the visible tributary 
RESULTS
A total of 69 legs (62 patients) were included in this study.
The patients included 24 men and 38 women, with a median tion of the popliteal fossa did not appear to affect outcomes [7] and was associated with major complications [11, 12] . Rashid et al. [12] reported a low technical success rate (59%) after formal SPJ dissection, with three major complications occurring, including DVT and tearing of the popliteal vein. O'Hare et al. [7] found that the type of procedure performed in the popliteal fossa had no effect on the postoperative rate of SSV incompetence. Therefore, contrary to previous beliefs, flush ligation of the SPJ does not seem to be the optimal procedure for the treatment of SSV varicosities, and other surgical approaches to SSV varicosities are therefore needed.
In this study, modified high ligation of the SSV was per- In this study, the 2-cm angled segment was left untreated for two reasons: (1) preservation of the gastrocnemius veins that enter into this segment, and (2) because the tibial nerve enters into close proximity with the SSV at this deeper level. In the literature, clinical recurrence of SSV varicose veins after surgical treatment has been reported to range from 8.6% to 30% [7, 11, 13, 14] . The most common cause of recurrence after surgical treatment of the SSV is neovascularization
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− 402 − [15, 16] . A prospective long-term clinical study of 127 legs showed that neovascularization was observed in more than half of the legs that exhibited clinical recurrence [15] . Neovascularization accounts for 85% of cases of recurrence at the SFJ and 62% of cases of recurrence at the SPJ. In this study, no recurrent varicose veins were observed in any of the patients, and neovascularization at the proximal stump was observed in only one leg (1.4%). The low rate of neovascularization in this study might have been due to preservation of physiologic drainage to the popliteal vein.
Although the benefits of GSV stripping have been demonstrated [17] , the effect of stripping the SSV remains controversial. A prospective study of 234 legs showed that rates of postoperative numbness were similar whether or not stripping was performed, and that extending SSV stripping to the lower calf significantly reduced the rate of SPJ incompetence on duplex imaging after one year [7] . However, the rates of neurologic complications after extended stripping of the SSV ranged from 14.8% to 27.0% [7, 11, 18] , which is much higher than the range of 4.2% to 7.5% observed in cases where EVLA was performed [13, 18] . In this study, stripping was extended to the mid-calf to prevent sural nerve injury. Short-segment stripping (about 10 cm) of the SSV leaves the distal SSV, which otherwise might cause incompetence in the distal calf.
Although extending the stripping to the low calf might reduce the rate of incompetence in the distal calf, it may also increase the likelihood of damage to the sural nerve. It is not known whether the remaining incompetent distal SSV increases the risk of recurrent varicose veins in the future. In this study, three legs (4.3%) showed incompetence in the distal SSV, although no evidence of recurrent varicose veins was found. Incompetence in the distal calf was treated by ultrasound-guided foam sclerotherapy in the two symptomatic cases.
Neurologic complications only occurred in five patients (5/69, 7.5%), each of whom experienced paresthesia, which can develop due to multiple phlebectomies or stripping. These symptoms improved in all five patients without further intervention. The rate of neurologic complications in this study was significantly lower than that of previous studies that have utilized surgical treatment [7, 11, 18] , and is comparable to the results seen with the use of EVLA [13, 18] . This may have been due to minimal dissection resulting from the precise localization of the SSV, as well as short segment stripping to the mid-calf.
In conclusion, without flush ligation of the SPJ, modified high ligation and segment stripping of the SSV with preoperative duplex marking is a safe and effective treatment for SSV varicosities and reduces postoperative complications and recurrent SSV incompetence. Although a relatively small number of cases were included in this study, the results are promising. Further evaluation of this technique in the form of a randomized controlled trial is needed.
